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International Journal of Research and Engineering ISSN: 2348-7860 (O) | 2348-7852 (P) | Vol. 04 No. 01 | January 2017 | PP. 10-15 http://digital.ijre.org/index.php/int_j_res_eng/article/view/240 Copyright © 2016 by authors and International Journal of Research and Engineering This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/.  |   Characterisation of SiC reinforced aluminium matrix composites for engine cylinder liner application Author(s): A. Sruthi, V. Dhanasekar Affiliation: Department of Production Technology, MIT Campus, Anna University, Chennai-600044, India                                                                                 Abstract—Aluminium matrix composites are finding increased applications in automotive industry due to its lightweight nature and improved mechanical and tribological properties. The present material used for Liners is Cast Iron. The tribological properties of CI are poor which leads to  friction losses leading to inefficiency of Engine. This paper focuses on preparation of SiC reinforced Aluminium 2024 matrix composite of Weight percentages of 2,4,6 and 8 respectively by Stir Casting followed by Heat treatment and testing the properties of Density, Tensile Strength, Hardness, Wear Resistance, Coefficient of friction and Thermal Conductivity. The experimental values from the test results are compared against Conventional Cast Iron. It is been observed that 8% reinforced Al- SiC performs better than Cast Iron in all the tests.  Keywords—Cylinder Liners, Metal Matrix Composites, Engine Efficiency, Cast Iron, Wear, Thermal Conductivity, Stir Casting  I.  INTRODUCTION  The main focus of the automotive manufacturers is shifting towards producing lightweight vehicles which help in reducing the fuel consumption.[1]. Traditionally, Cast Iron was used for most of the parts in an automobile but nowadays, it’s been replaced by Aluminium for reducing the overall weight of the vehicle. The cylinder liner, serving as the inner wall of a cylinder, forms a sliding surface for the piston rings while retaining the lubricant within. The cylinder liner receives combustion heat through the piston and piston rings and transmits the heat to the coolant. The cylinder liner prevents the compressed gas and combustion gas from escaping outside. Failure in liners can affect the performance of the engine seriously.[2]  Excellent Wear resistance, high thermal conductivity, low coefficient of friction  and low density[3] make Si reinforced Aluminium matrix  composites as a perfect alternative to conventional Cast Iron which lacks in the above properties leading to frictional losses in Engine. Aluminium based Metal matrix composites, at present is generating a wide interest in research fraternity. High stiffness and high strength, low density, high temperature stability, high electrical and thermal conductivity, adjustable coefficient of thermal expansion, corrosion resistance, improved wear resistance are some of the favorable properties of composites[4]. Ceramic particulates are finding increased use as reinforcements due to its high modulus, high hardness and non-reactivity with Aluminum[5]. Considerable research efforts have been put into developing MMC liners. Accordingly, the present study pertains to examine the Strength, Hardness, Density, Wear behavior and Thermal conductivity of four wt % of reinforcement; 2, 4 6 & 8 respectively and comparing it with conventional Cast Iron for the application of Engine Liners. 
 II. MATERIALS AND EXPERIMENTATION  A. Materials and Composites Aluminium 2024 with chemical composition presented in Table I was chosen as the matrix for the Composite and Silicon Carbide (SiC) of grit size 320 (approx30 µm) is chosen as the reinforcement material.  TABLE I.  COMPOSITION OF ALUMINUM  2024 
 B.  Production of composite  The composite Al SiC was prepared by following Liquid metallurgy technique using two step stir casting process. Different quantities of matrix and reinforcement are decided based on various Weight % of reinforcement as given in Table II. Stir casting process starts with placing empty crucible in the muffle furnace. At first heater temperature is set to 500°C. High temperature of the muffle furnace helps to melt Aluminium alloy quickly, reduces oxidation level, enhance the wettability of the reinforcement particles in the matrix metal. SiC powder is preheated to 5000C for half an hour [6]. Aluminium was heated to a temperature of more than 8000C (Above liquidus temperature of the alloy) to make sure the alloy melts completely. A uniform semisolid stage of the molten matrix was achieved by cooling it in the furnace at a temperature of about 600 0C. Pouring of preheated reinforcements at the semisolid stage of the matrix enhance the wettability of the reinforcement, reduces the particle settling at the bottom of the crucible. Reinforcements are poured manually with the help of conical hopper. Dispersion time was taken as 5 minutes. After stirring for 5 minutes at 200 RPM [6] using an automated mechanical stirrer at semisolid stage, slurry was reheated at a temperature of about 7000C before pouring into Die. Die is preheated at temperature  250°C [6] before pouring of the molten slurry in the Die. This makes sure that slurry is in molten condition throughout the pouring. While pouring the slurry in the die the flow of the slurry is kept uniform to avoid trapping of gas. Then it is quick quenched with the help of air to reduce the settling time of the particles in the matrix. The specimens prepared from the composite material were subjected to solution and precipitation heat treatment (T6). The solution heat treatment was applied at 6000C for four hours, and the water was used for the quenching medium. The precipitation hardening was 
Alloy Composition 
Table Column Head 
Si Cu Mn Zn Pb Mg Ni Cr Al 
Wt.% 0.3 4.5 0.6 0.1 0.1 1.5 0.05 0.1 Balance 
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applied at 1700C for 10 hours[7]. This was done to improve the properties of the composite. The composite after casting was machined according to the tests to be performed.   TABLE II.  QUANTITIES OF REINFORCEMENTS & MATRIX 
 C. Tensile strength The tensile strength of the composite was tested using Universal Testing Machine. The Test specimens followed the standard of ASTM E8 as shown in Fig.1.The tensile property evaluated from the test was Ultimate Tensile strength since this holds the priority for the application of Cylinder Liners.  
                         Fig 1 ASTM E8 standard for Tensile test specimens  D. Hardness and Density The hardness of the composite was tested using Vickers Hardness Tester. The test was performed following the specifications in [8].Four hardness indents were made on each specimen and their respective mean were taken for the calculation of average hardness values. The density of the composite was computed using the formula, Density= Mass/Volume. Mass of the composite was found using weighing balance and volume was computed by measuring length, breadth and thickness of the specimen which was fabricated using Stir Casting.  E.  Wear test  The wear tests were performed by using pin-on-disc wear and friction monitor machine. The setup of pin-on-disc wear testing machine is shown in Fig.2. The test specimen was prepared following the ASTM G99 [9] standard in the form of cylinder which was mounted in the specimen holder and loaded vertically by weight. The wear (microns), friction force (N), coefficient of friction was measured for all the test condition for the composite specimens. After each period of test (30 minutes), the test machine was switched off. The specimen and counter disc were removed and cleaned. The pin specimen was held tightly against the rotating steel counter disc EN 31 with the help of the applied load. The tests were conducted under dry running condition for a contact load of 10 N while the test was run for a rotational speed of counter disc 500 rpm and corresponding sliding distance of 500 m [10] The test was repeated for three times and the average of the values are computed. 
              Fig 2 Pin on Disc Set up  F. Thermal conductivity  Thermal Conductivity, expressed as the amount of heat that flows per unit time through a unit area with a temperature gradient of one degree per unit distance of the composite was found by the set as followed by the Figure 4 The components used in the thermal conductivity testing were Furnace, Aluminium SiC composite, Ceramic Fiber, 2 Thermometers(1 for outer covering and 1 for inner covering of the plate),  Stop watch, Tongs , Safety gloves and goggles. The specimen is placed in the furnace with outer skin in contact with atmosphere. The remaining portion of the specimen is covered with ceramic wool so that the heat transfers to outer surface only via inner surface. Then the furnace is switched on and the temperature is allowed to increase. Two Thermometers were used in this experiment; one for measuring the inner surface temperature and one for measuring the outer surface temperature. As the temperature of the inner surface reaches 500C the timer is switched on while the corresponding outer surface temperature is noted. Then as the temperature of the inner surface reaches 1000C, the corresponding outside surface temperature and time taken for inner surface to change from 50 to 1000C is noted. The above steps are repeated till the temperature reaches 3000C.  Formula used to calculate thermal conductivity (k)  q = mc (t2—t1) / s  (1)  Where : q= Heat flow rate in joules/sec m = mass of the specimen in g   c = specific heat capacity of the composite (found by Rule  of Mixtures)   Ccomposite = Cmatrix *  Vmatrix +  Creinforcement  *  Vreinforcement          (2)  Where, Vmatrix = volume fraction of matrix Vreinforcement = volume of reinforcement t2 = Outer Temperature in K t1 = Inner Temperature in K s = time in secs q=kA(dT/dx)                        (3)   k=q/(A*dT/dx)                        (4)  Where: A = Area of the specimen in m2 dT/dx = Temperature Gradient in K/m  
Weight Fraction of SiC (%) Quantity of SiC     (g) Quantity of Aluminum (g) 
2 16 800 
4 36 870 
6 55 863 
8 76 880 
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    Fig 3 Set up for thermal conductivity testing  III. RESULTS AND DISCUSSION  A. Tensile strength  The results of the tensile strength verified experimentally      for different wt. % of Al SiC are  given in table III TABLE III.  TENSILE STRENGTH RESULTS 
Sl.No Weight % Ultimate Tensile strength (Mpa) 
2 16 800 
4 36 870 
6 55 863 
8 76 880  
 Fig 4 Stress vs Strain graph for 2%  
 Fig 5 Stress vs Strain graph for 4%   
 Fig 6 Stress vs Strain graph for 6%  
 Fig 7 Stress vs Strain graph for 8%  From the Figures 5, 6, 7 and 8 it can be observed that there is a gradual increase of Tensile strength as the % reinforcement increases. The results show that 8% reinforced specimen has higher tensile strength. This is due to the load transfer to the reinforcement that resulted from the dislocations formation at the matrix/reinforcement interface [12]. Addition of SiC increases the elastic modulus, therefore the Tensile strength increases as the volume fraction increases [14][15]. SiC particles are sparsely located in lower volume fractions which make the bond between matrix and reinforcement weak whereas the bond is intact at higher % reinforcement due to compactly placed SiC particles. However the value obtained (272 Mpa) is only 7 % higher than Cast Iron which has a strength of 260 Mpa [11] The increase is essential since, within the cylinder, the combustion process produces rapid and periodic rises in temperature and pressure, shear loading, and impingement of hot gases. So, the liners must have sufficient strength to withstand extreme pressures especially during peak firing                                                B.  Hardness  The hardness values obtained for different wt. % of Al SiC Composite is given in table IV TABLE IV.  HARDNESS RESULTS 
Sl.No Wt. % Vicker Hardness Number 
1 2 14.41 
2 4 18.26 
3 6 23.21 
4 8 30.63 
 From the table 4, it can be seen that hardness increases as the volume fraction of reinforcement increases. It is observed that 8 % has the highest hardness compared to Cast Iron that has a VHN 22.43[11]. This can be attributed to the interface reaction between matrix and reinforcement. SiCSiC. Si and C gets separated at high temperatures and the level of separation increases further. Due to which concentration of Si becomes more at the matrix interface and dissolves in Al quicker. High concentration of Silicon at the interface reduces the reaction kinetics which in turn improves the wettability and also increases the bond strength between matrix and interface that results in better hardness at higher volume fractions. As the Ceramic phase in the composite increases, hardness increases [12] which is an important parameter to be considered in Cylinder liners.    
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C.  Density TABLE V.  DENSITY RESULTS Sl.No Wt. % Density  (Kg/m3) 1 2 2501 2 4 2576 3 6 2634 4 8 2728 The density of SiC is 14 % higher than Aluminium 2024. So, from the table V, the density of the composite increases with increasing volume fraction of reinforcement .Comparing with Cast Iron which has a density of 7200 kg/m3[11] , density of 8 % reinforced Al is 62 % less which can be due to lower density of Aluminum and SiC. Lower density ensures weight of the liners that helps in reducing fuel consumption and emissions.  D. WearResistance 
  Fig 8 Wear Rate and Coefficient of friction of 2 %    
  Fig 9 Wear Rate and Coefficient of friction of 4 %  
 Fig 10 Wear Rate and Coefficient of friction of 6 %  
Fig 11 Wear Rate and Coefficient of friction of 8 %  TABLE VI.  WEAR RATE AND COEFFICIENT OF FRICTION FOR AL SIC COMPOSITE FOR VARIOUS WT. %  
Si.No Wt. % Load (N) Sliding Speed (rpm) 
Wear Rate (µm/s) 
Coefficient of friction 1 2 
10 500 
0.8483 0.285202 
2 4 0.8421 0.270988 
3 6 0.8250 0.368284 
4 8 0.7606 0.258687  TABLE VII.   MASS OF PIN BEFORE AND AFTER WEAR TEST 
Si.No Wt. % Mass before Test (g) 
Mass after Test (g) 
Mass Loss (g) 
2 3.899 3.89 0.003 
4 3.956 3.953 0.003 
6 4.082 4.080 0.002 
8 4.185 4.181 0.004 
 TABLE VIII.  8  CALCULATED WEAR RATE AND COEFFICIENT OF FRICTION 
OF CAST IRON FROM THE FIGURE 3 AND FIGURE 5C IN [10] 
Si.No Load (N) Sliding speed      (rpm) 
Mass Loss (g) 
Coefficient of friction (µ) 1 10 500 0.72 0.8  Wear Test shows that wear rate and friction coefficient of Al SiC composite is much lower than Cast Iron which can be observed from the above tables. Al SiC composite of 8 % reinforcement has the least wear rate and friction coefficient as seen from the table VI and VII which are derived from the Figures 8 9, 10 & 11which indicates that the wear rate and friction coefficient decreases with increasing wt.%. There is a considerable reduction of 0.06 µm/s in the wear rate from 6% to 8% on account of the intensified interfacial reaction.4 Al + 3 SiC – > Al3C4 + 3Si is the interfacial reaction. Controlled formation Al3C4 improves the strength, hardness of the composite which results in improved wear resistance. Ceramic fillers resists slip making it harder and the precipitation hardening added to that reduces surface porosity making it still more harder[12][5]. So, higher the hardness, higher the wear resistance which accounts for the above result. Lower wear rate ensures longevity of the liner by protecting the cylinder against the sliding action of piston and low friction coefficient helps in the reduction of friction losses causing due to heat leading to the efficiency of the Engine.   E. Thermal Conductivity Thermal conductivity was done with the set up as given in Fig. 4.The property is depended on factors such as Volume fraction, interface reactions between Al and Si, size and thermal conductivity of individual constituents. From the table XIII, it is seen that 8% reinforced Al-SiC has higher k value compared to others, but the difference is negligible. As thermal conductivity of ceramics is higher, Si reinforced with Al increases the k value. However, the as the volume fraction of Si increases, k value is found to decrease at higher volume 
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fractions[13]  which can attributed to interfacial reactions between matrix and reinforcement ,and porosity of Si. Al3C4,  the interfacial layer , when in excess forms a thermal barrier which is why the k value doesn’t change much as % reinforcement increases but the effect can be counteracted by adding more SiC that optimizes the reactivity  and helps in considerable improvement in k value at higher volume fractions. However, for the application of liners, in comparison to Cast iron that has a thermal conductivity of 46 W/Mk [11], Al-SiC is 60 % more thermally conductive which is essential to eliminate the possibility of hot spots in the cylinder block which over time can lead to cracking and failure of the block The more thermally conductive the cylinder block material is, the easier it is for the cooling system to maintain a constant temperature through the material thickness.  TABLE IX.  CALCULATION OF T2 FOR 2% WT. FRACTION 
Sl.No Furnace Temp (0C) 
Inner Temp T1    (0C) Time (s) Outer temp T2  (0C) 
1 113 50 0 16.75 
2 217 100 69 25.5 
3 291 150 102 45 
4 331 200 143 59 
5 378 250 217 71 
6 405 300 321 83  TABLE X.  CALCULATION OF T2 FOR 4% WT. FRACTION 
Sl.No Furnace Temp (0C) 
Inner Temp T1    (0C) Time (s) Outer temp T2  (0C) 
1 118 50 0 19 
2 234 100 62 29 
3 265 150 97 38 
4 342 200 174 65 
5 386 250 362 76 
6 443 300 510 88  TABLE XI.  CALCULATION OF T2 FOR 6% WT. FRACTION 
Sl.No Furnace Temp (0C) 
Inner Temp T1 (0C) Time (s) Outer temp T2  (0C) 
1 124 50 0 26 
2 253 100 58 32 
3 274 150 96 38 
4 357 200 185 55 
5 397 250 412 67 
6 463 300 514 94  TABLE XII.  DENSITY RESULTS 
Sl.No Furnace Temp (0C) 
Inner Temp T1 (0C) Time (s) Outer temp T2  (0C 
1 132 50 0 27 
2 264 100 20 32 
3 286 150 55 40 
4 375 200 95 60 
5 409 250 214 78 
6 479 300 523 104 
 TABLE XIII.  DENSITY RESULTS 
Sl.No Wt.% Thermal Conductivity(k) 
1 2 118.12 
2 4 118.256 
3 6 118.65 
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